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TWO ELEMENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of U.S. patent application 
Ser. No. 09/512,895, filed on Feb. 24, 2000, now U.S. Pat. 
No. 6,568,471, which claimed the benefit of the filing dates 
of (1) U.S. Provisional Patent Application Ser. No. 60/121, 
841, filed on Feb. 26, 1999 and (2) U.S. Provisional Patent 
Application Ser. No. 60/154,047, filed on Sep. 16, 1999, the 
disclosures of which are incorporated herein by reference. 

This application is related to the following co-pending 
applications: (1) U.S. patent application Ser. No. 09/440, 
338, filed on Nov. 15, 1999, which issued as U.S. Pat. No. 
6.328,113, which claimed the benefit of the filing date of 
U.S. Provisional Patent Application Ser. No. 60/108,558, 
filed on Nov. 16, 1998, (2) U.S. patent application Ser. No. 
09/454,139, filed on Dec. 3, 1999, which claimed the benefit 
of the filing date of U.S. Provisional Patent Application Ser. 
No. 60/111.293, filed on Dec. 7, 1998, (3) U.S. patent 
application Ser. No. 09/502,350, filed on Feb. 10, 2000, 
which claimed the benefit of the filing date of U.S. Provi 
sional Patent Application Ser. No. 60/119,611, filed on Feb. 
11, 1999, (4) U.S. patent application Ser. No. 09/510,913, 
filed on Feb. 23, 2000, which claimed the benefit of the filing 
date of U.S. Provisional Patent Application Ser. No. 60/121, 
702, filed on Feb. 25, 1999, (5) U.S. patent application Ser. 
No. 09/511,941, filed on Feb. 24, 2000, which claimed the 
benefit of the filing date of U.S. Provisional Patent Appli 
cation No. 60/121.907, filed on Feb. 26, 1999, (6) U.S. 
Provisional Patent Application Ser. No. 60/124,042, filed on 
Mar. 11, 1999, (7) U.S. Provisional Patent Application Ser. 
No. 60/131,106, filed on Apr. 26, 1999, (8) U.S. Provisional 
Patent Application Ser. No. 60/137,998, filed on Jun. 7, 
1999, (9) U.S. Provisional Patent Application Ser. No. 
60/143,039, filed on Jul. 9, 1999, and (10) U.S. Provisional 
Patent Application Ser. No. 60/146,203, filed on Jul. 29, 
1999. 

BACKGROUND OF THE INVENTION 

This invention relates generally to wellbore casings, and 
in particular to wellbore casings that are formed using 
expandable tubing. 

Conventionally, when a wellbore is created, a number of 
casings are installed in the borehole to prevent collapse of 
the borehole wall and to prevent undesired outflow of 
drilling fluid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled in 
intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed 
casing of an upper borehole interval. As a consequence of 
this procedure the casing of the lower interval is of smaller 
diameter than the casing of the upper interval. Thus, the 
casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are pro 
vided between the outer surfaces of the casings and the 
borehole wall to seal the casings from the borehole wall. As 
a consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the 
wellbore. Such a large borehole diameter involves increased 
costs due to heavy casing handling equipment, large drill 
bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to 
required cement pumping, cement hardening, required 
equipment changes due to large variations in hole diameters 
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2 
drilled in the course of the well, and the large volume of 
cuttings drilled and removed. 

Conventionally, at the surface end of the wellbore, a 
wellhead is formed that typically includes a surface casing, 
a number of production and/or drilling spools, Valving, and 
a Christmas tree. Typically the wellhead further includes a 
concentric arrangement of casings including a production 
casing and one or more intermediate casings. The casings 
are typically Supported using load bearing slips positioned 
above the ground. The conventional design and construction 
of wellheads is expensive and complex. 
The present invention is directed to overcoming one or 

more of the limitations of the existing procedures for form 
ing wellbores and wellheads. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, an 
apparatus for coupling two elements is provided that 
includes an outer tubular member defining one or more outer 
tubular member slots, an inner tubular member defining one 
or more inner tubular member slots positioned within the 
outer tubular member, and a coupling assembly for releas 
ably coupling the outer tubular member to the inner tubular 
member, comprising: a tubular coupling body movably 
coupled to the inner tubular member, one or more coupling 
arms extending from the tubular coupling body, and cou 
pling elements extending from corresponding coupling arms 
adapted to mate with corresponding outer tubular member 
and inner tubular member slots. 

According to another aspect of the present invention, an 
apparatus is provided that includes an outer tubular member, 
an inner tubular member positioned within the outer tubular 
member, and a coupling assembly for releasably coupling 
the outer tubular member to the inner tubular member at a 
plurality of discrete circumferentially spaced apart locations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a cross-sectional view illustrating the place 
ment of an embodiment of an apparatus for creating a casing 
within a well borehole. 

FIG. 1B is a cross-sectional view illustrating the injection 
of a fluidic material into the well borehole of FIG. 1A. 

FIG. 1C is a cross-sectional view illustrating the injection 
of a wiper plug into the apparatus of FIG. 1B. 

FIG. 1D is a fragmentary cross-sectional view illustrating 
the injection of a ball plug and a fluidic material into the 
apparatus of FIG. 1C. 

FIG. 1E is a fragmentary cross-sectional view illustrating 
the continued injection of fluidic material into the apparatus 
of FIG. 1D in order to radially expand a tubular member. 

FIG. 1F is a cross-sectional view of the completed well 
bore casing. 

FIG. 2A is a cross-sectional illustration of a portion of an 
embodiment of an apparatus for forming and/or repairing a 
wellbore, pipeline or structural Support. 

FIG. 2B is an enlarged illustration of a portion of the 
apparatus of FIG. 2A. 

FIG. 2C is an enlarged illustration of a portion of the 
apparatus of FIG. 2A. 

FIG. 2D is an enlarged illustration of a portion of the 
apparatus of FIG. 2A. 

FIG. 2E is a cross-sectional illustration of the apparatus of 
FIG. 2A 

FIG. 2F is a cross-sectional illustration of another portion 
of the apparatus of FIG. 2A. 



US 7,040,396 B2 
3 

FIG. 2G is an enlarged illustration of a portion of the 
apparatus of FIG. 2F. 

FIG. 2H is an enlarged illustration of a portion of the 
apparatus of FIG. 2F. 

FIG. 2I is an enlarged illustration of a portion of the 
apparatus of FIG. 2F. 

FIG. 2J is a cross-sectional illustration of another portion 
of the apparatus of FIG. 2A. 

FIG. 2K is an enlarged illustration of a portion of the 
apparatus of FIG. 2.J. 

FIG. 2L is an enlarged illustration of a portion of the 
apparatus of FIG. 2.J. 

FIG. 2M is an enlarged illustration of a portion of the 
apparatus of FIG. 2.J. 

FIG. 2N is an enlarged illustration of a portion of the 
apparatus of FIG. 2.J. 

FIG. 20 is a cross-sectional illustration of the apparatus 
of FIG. 2.J. 

FIGS. 3A to 3D are exploded views of a portion of the 
apparatus of FIGS. 2A to 2C). 

FIG. 3E is a cross-sectional illustration of the outer collet 
Support member and the liner hanger setting sleeve of the 
apparatus of FIGS. 2A to 2C). 

FIG. 3F is a front view of the locking dog spring of the 
apparatus of FIGS. 2A to 2C). 

FIG. 3G is a front view of the locking dogs of the 
apparatus of FIGS. 2A to 2C). 

FIG. 3H is a front view of the collet assembly of the 
apparatus of FIGS. 2A to 2C). 

FIG.3I is a front view of the collet retaining sleeve of the 
apparatus of FIGS. 2A to 2C). 

FIG. 3.J is a front view of the collet retaining adaptor of 
the of apparatus of FIGS. 2A to 20. 

FIGS. 4A to 4G are fragmentary cross-sectional illustra 
tions of an embodiment of a method for placing the appa 
ratus of FIGS 2A-2O within a wellbore. 

FIGS. 5A to 5C are fragmentary cross-sectional illustra 
tions of an embodiment of a method for decoupling the liner 
hanger, the outer collet Support member, and the liner hanger 
setting sleeve from the apparatus of FIGS. 4A to 4G. 

FIGS. 6A to 6C are fragmentary cross-sectional illustra 
tions of an embodiment of a method for releasing the lead 
wiper from the apparatus of FIGS. 4A to 4G. 

FIGS. 7A to 7G are fragmentary cross-sectional illustra 
tion of an embodiment of a method for cementing the region 
outside of the apparatus of FIGS. 6A to 6C. 

FIGS. 8A to 8C are fragmentary cross-sectional illustra 
tions of an embodiment of a method for releasing the tail 
wiper from the apparatus of FIGS. 7A to 7G. 

FIGS. 9A to 9H are fragmentary cross-sectional illustra 
tions of an embodiment of a method of radially expanding 
the liner hanger of the apparatus of FIGS. 8A to 8C. 

FIGS. 10A to 10E are fragmentary cross-sectional illus 
trations of the completion of the radial expansion of the liner 
hanger using the apparatus of FIGS. 9A to 9H. 

FIGS. 11A to 11E are fragmentary cross-sectional illus 
trations of the decoupling of the radially expanded liner 
hanger from the apparatus of FIGS. 10A to 10E. 

FIGS. 12A to 12C are fragmentary cross-sectional illus 
trations of the completed wellbore casing. 

FIG. 13A is a cross-sectional illustration of a portion of an 
alternative embodiment of an apparatus for forming and/or 
repairing a wellbore, pipeline or structural Support. 
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FIG. 13B is a cross-sectional view of the standoff adaptor 

of the apparatus of FIG. 13A. 
FIG. 13C is a front view of the standoff adaptor of FIG. 

13B. 

FIG. 13D is a cross-sectional illustration of another por 
tion of an alternative embodiment of the apparatus of FIG. 
13A 

FIG. 13E is an enlarged view of the threaded connection 
between the liner hanger and the outer collet Support mem 
ber of FIG. 13D. 

FIG. 13F is an enlarged view of the connection between 
the outer collet support member 645 and the liner hanger 
setting sleeve 650 of FIG. 13D. 

FIG. 13G is a cross-sectional view of the liner hanger 
setting sleeve of FIG. 13F. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS 

An apparatus and method for forming a wellbore casing 
within a Subterranean formation is provided. The apparatus 
and method permits a wellbore casing to be formed in a 
Subterranean formation by placing a tubular member and a 
mandrel in a new section of a wellbore, and then extruding 
the tubular member off of the mandrel by pressurizing an 
interior portion of the tubular member. The apparatus and 
method further permits adjacent tubular members in the 
wellbore to be joined using an overlapping joint that pre 
vents fluid and or gas passage. The apparatus and method 
further permits a new tubular member to be supported by an 
existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 
The apparatus and method further minimizes the reduction 
in the hole size of the wellbore casing necessitated by the 
addition of new sections of wellbore casing. 
A crossover valve apparatus and method for controlling 

the radial expansion of a tubular member is also provided. 
The crossover valve assembly permits the initiation of the 
radial expansion of a tubular member to be precisely initi 
ated and controlled. 
A force multiplier apparatus and method for applying an 

axial force to an expansion cone is also provided. The force 
multiplier assembly permits the amount of axial driving 
force applied to the expansion cone to be increased. In this 
manner, the radial expansion process is improved. 
A radial expansion apparatus and method for radially 

expanding a tubular member is also provided. The radial 
expansion apparatus preferably includes a mandrel, an 
expansion cone, a centralizer, and a lubrication assembly for 
lubricating the interface between the expansion cone and the 
tubular member. The radial expansion apparatus improves 
the efficiency of the radial expansion process. 
A preload assembly for applying a predetermined axial 

force to an expansion cone is also provided. The preload 
assembly preferably includes a compressed spring and a 
spacer for controlling the amount of compression of the 
spring. The compressed spring in turn is used to apply an 
axial force to the expansion cone. The preload assembly 
improves the radial expansion process by presetting the 
position of the expansion cone using a predetermined axial 
force. 
A coupling assembly for controllably removably coupling 

an expandable tubular member to a Support member is also 
provided. The coupling assembly preferably includes an 
emergency release in order to permit the coupling assembly 
to be decoupled in an emergency. 
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In several alternative embodiments, the apparatus and 
methods are used to form and/or repair wellbore casings, 
pipelines, and/or structural Supports. 

Referring initially to FIGS. 1A-1F, an embodiment of an 
apparatus and method for forming a wellbore casing within 
a subterranean formation will now be described. As illus 
trated in FIG. 1A, a wellbore 100 is positioned in a subter 
ranean formation 105. The wellbore 100 includes an existing 
cased section 110 having a tubular casing 115 and an annular 
outer layer of cement 120. 
As illustrated in FIG. 1A, an apparatus 200 for forming a 

wellbore casing in a Subterranean formation is then posi 
tioned in the wellbore 100. 

The apparatus 200 preferably includes a first support 
member 205, a manifold 210, a second support member 215, 
a tubular member 220, a shoe 225, an expansion cone 230, 
first sealing members 235, second sealing members 240, 
third sealing members 245, fourth sealing members 250, an 
anchor 255, a first passage 260, a second passage 265, a third 
passage 270, a fourth passage 275, a throat 280, a fifth 
passage 285, a sixth passage 290, a seventh passage 295, an 
annular chamber 300, a chamber 305, and a chamber 310. In 
a preferred embodiment, the apparatus 200 is used to radi 
ally expand the tubular member 220 into intimate contact 
with the tubular casing 115. In this manner, the tubular 
member 220 is coupled to the tubular casing 115. In this 
manner, the apparatus 200 is preferably used to form or 
repair a wellbore casing, a pipeline, or a structural Support. 
In a particularly preferred embodiment, the apparatus is used 
to repair or form a wellbore casing. 

The first support member 205 is coupled to a conventional 
surface support and the manifold 210. The first support 
member 205 may be fabricated from any number of con 
ventional commercially available tubular Support members. 
In a preferred embodiment, the first support member 205 is 
fabricated from alloy steel having a minimum yield strength 
of about 75,000 to 140,000 psi in order to provide high 
strength and resistance to abrasion and fluid erosion. In a 
preferred embodiment, the first support member 205 further 
includes the first passage 260 and the second passage 265. 
The manifold 210 is coupled to the first support member 

205, the second support member 215, the sealing members 
235a and 235b, and the tubular member 200. The manifold 
210 preferably includes the first passage 260, the third 
passage 270, the fourth passage 275, the throat 280 and the 
fifth passage 285. The manifold 210 may be fabricated from 
any number of conventional tubular members. 
The second support member 215 is coupled to the mani 

fold 210, the sealing members 245a, 245b, and 245c., and the 
expansion cone 230. The second support member 215 may 
be fabricated from any number of conventional commer 
cially available tubular support members. In a preferred 
embodiment, the second support member 215 is fabricated 
from alloy steel having a minimum yield strength of about 
75,000 to 140,000 psi in order to provide high strength and 
resistance to abrasion and fluid erosion. In a preferred 
embodiment, the second support member 215 further 
includes the fifth passage 285. 
The tubular member 220 is coupled to the sealing mem 

bers 235a and 235b and the shoe 225. The tubular member 
220 is further movably coupled to the expansion cone 230 
and the sealing members 24.0a and 240b. The first support 
member 205 may comprise any number of conventional 
tubular members. The tubular member 220 may be fabri 
cated from any number of conventional commercially avail 
able tubular members. In a preferred embodiment, the 
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6 
tubular member 220 is further provided substantially as 
described in one or more of the following: (1) U.S. patent 
application Ser. No. 09/440,338, filed on Nov. 15, 1999, 
which issued as U.S. Pat. No. 6,328,113, which claimed 
benefit of the filing date of U.S. Provisional Patent Appli 
cation Ser. No. 60/108,558, filed on Nov. 16, 1998, (2) U.S. 
patent application Ser. No. 09/454,139, filed on Dec. 3, 
1999, which claimed benefit of the filing date of U.S. 
Provisional Patent Application Ser. No. 60/111.293, filed on 
Dec. 7, 1998, (3) U.S. patent application Ser. No. 09/502, 
350, filed on Feb. 10, 2000, which claimed the benefit of the 
filing date of U.S. Provisional Patent Application Ser. No. 
60/119,611, filed Feb 11, 1999, (4) U.S. patent application 
Ser. No. 09/510,913, filed on Feb. 23, 2000, which claimed 
the benefit of the filing date of U.S. Provisional Patent 
Application Ser. No. 60/121,702, filed on Feb. 25, 1999, (5) 
U.S. patent application Ser. No. 09/511.941, filed on Feb. 24, 
2000, which claimed the benefit of the filing date of U.S. 
Provisional Patent Application No. 60/121.907, filed Feb. 
26, 1999, (6) U.S. Provisional Patent Application Ser. No. 
60/124,042, filed on Mar. 11, 1999, (7) U.S. Provisional 
Patent Application Ser. No. 60/131,106, filed on Apr. 26, 
1999, (8) U.S. Provisional Patent Application Ser. No. 
60/137,998, filed on Jun. 7, 1999, (9) U.S. Provisional Patent 
Application Ser. No. 60/143,039, filed on Jul. 9, 1999, and 
(10) U.S. Provisional Patent Application Ser. No. 60/146, 
203, filed on Jul. 29, 1999, the disclosures of which are 
incorporated by reference. 
The shoe 225 is coupled to the tubular member 220. The 

shoe 225 preferably includes the sixth passage 290 and the 
seventh passage 295. The shoe 225 preferably is fabricated 
from a tubular member. In a preferred embodiment, the shoe 
225 is further provided substantially as described in one or 
more of the following: (1) U.S. patent application Ser. No. 
09/440,338, filed on Nov. 15, 1999, which claimed benefit of 
the filing date of U.S. Provisional Patent Application Ser. 
No. 60/108,558, filed on Nov. 16, 1998, (2) U.S. patent 
application Ser. No. 09/454,139, filed on Dec. 3, 1999, 
which claimed benefit of the filing date of U.S. Provisional 
Patent Application Ser. No. 60/111.293, filed on Dec. 7, 
1998, (3) U.S. patent application Ser. No. 09/502,350, filed 
on Feb. 10, 2000, which claimed the benefit of the filing date 
of U.S. Provisional Patent Application Ser. No. 60/119,611, 
filed Feb. 11, 1999, (4) U.S. patent application Ser. No. 
09/510,913, filed on Feb. 23, 2000, which claimed the 
benefit of the filing date of U.S. Provisional Patent Appli 
cation Ser. No. 60/121,702, filed on Feb. 25, 1999, (5) U.S. 
patent application Ser. No. 09/511.941, filed on Feb. 24. 
2000, which claimed the benefit of the filing date of U.S. 
Provisional Patent Application No. 60/121.907, filed Feb. 
26, 1999, (6) U.S. Provisional Patent Application Ser. No. 
60/124,042, filed on Mar. 11, 1999, (7) U.S. Provisional 
Patent Application Ser. No. 60/131,106, filed on Apr. 26, 
1999, (8) U.S. Provisional Patent Application Ser. No. 
60/137,998, filed on Jun. 7, 1999, (9) U.S. Provisional Patent 
Application Ser. No. 60/143,039, filed on Jul. 9, 1999, and 
(10) U.S. Provisional Patent Application Ser. No. 60/146, 
203, filed on Jul. 29, 1999, the disclosures of which are 
incorporated by reference. 
The expansion cone 230 is coupled to the sealing mem 

bers 24.0a and 240b and the sealing members 245a, 245b, 
and 245c. The expansion cone 230 is movably coupled to the 
second support member 215 and the tubular member 220. 
The expansion cone 230 preferably includes an annular 
member having one or more outer conical Surfaces for 
engaging the inside diameter of the tubular member 220. In 
this manner, axial movement of the expansion cone 230 
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radially expands the tubular member 220. In a preferred 
embodiment, the expansion cone 230 is further provided 
substantially as described in one or more of the following: 
(1) U.S. patent application Ser. No. 09/440,338, filed on 
Nov. 15, 1999, which issued as U.S. Pat. No. 6,328,113, 
which claimed benefit of the filing date of U.S. Provisional 
Patent Application Ser. No. 60/108,558, filed on Nov. 16, 
1998, (2) U.S. patent application Ser. No. 09/454,139, filed 
on Dec. 3, 1999, which claimed benefit of the filing date of 
U.S. Provisional Patent Application Ser. No. 60/111,293, 
filed on Dec. 7, 1998, (3) U.S. patent application Ser. No. 
09/502,350, filed on Feb. 10, 2000, which claimed the 
benefit of the filing date of U.S. Provisional Patent Appli 
cation Ser. No. 60/119,611, filed Feb. 11, 1999, (4) U.S. 
patent application Ser. No. 09/510.913, filed on Feb. 23, 
2000, which claimed the benefit of the filing date of U.S. 
Provisional Patent Application Ser. No. 60/121,702, filed on 
Feb. 25, 1999, (5) U.S. patent application Ser. No. 09/511, 
941, filed on Feb. 24, 2000, which claimed the benefit of the 
filing date of U.S. Provisional Patent Application No. 
60/121.907, filed Feb. 26, 1999, (6) U.S. Provisional Patent 
Application Ser. No. 60/124,042, filed on Mar. 11, 1999, (7) 
U.S. Provisional Patent Application Ser. No. 60/131,106, 
filed on Apr. 26, 1999, (8) U.S. Provisional Patent Applica 
tion Ser. No. 60/137,998, filed on Jun. 7, 1999, (9) U.S. 
Provisional Patent Application Ser. No. 60/143,039, filed on 
Jul. 9, 1999, and (10) U.S. Provisional Patent Application 
Ser. No. 60/146,203, filed on Jul. 29, 1999, the disclosures 
of which are incorporated by reference. 
The first sealing members 235a and 235b are coupled to 

the manifold 210 and the tubular member 220. The first 
sealing members 235a and 235b preferably fluidicly isolate 
the annular chamber 300 from the chamber 310. In this 
manner, annular chamber 300 is optimally pressurized dur 
ing operation of the apparatus 200. The first sealing mem 
bers 235a and 235b may comprise any number of conven 
tional commercially available sealing members. In a 
preferred embodiment, the first sealing members 235a and 
235b include O-rings with seal backups available from 
Parker Seals in order to provide a fluidic seal between the 
tubular member 200 and the expansion cone 230 during 
axial movement of the expansion cone 230. 

In a preferred embodiment, the first sealing member 235a 
and 235b further include conventional controllable latching 
members for removably coupling the manifold 210 to the 
tubular member 200. In this manner, the tubular member 200 
is optimally supported by the manifold 210. Alternatively, 
the tubular member 200 is preferably removably supported 
by the first support member 205 using conventional con 
trollable latching members. 

The second sealing members 24.0a and 240b are coupled 
to the expansion cone 230. The second sealing members 
24.0a and 240b are movably coupled to the tubular member 
220. The second sealing members 24.0a and 240b preferably 
fludicly isolate the annular chamber 300 from the chamber 
305 during axial movement of the expansion cone 230. In 
this manner, the annular chamber 300 is optimally pressur 
ized. The second sealing members 24.0a and 240b may 
comprise any number of conventional commercially avail 
able sealing members. 

In a preferred embodiment, the second sealing members 
24.0a and 240b further include a conventional centralizer 
and/or bearings for Supporting and positioning the expansion 
cone 230 within the tubular member 200 during axial 
movement of the expansion cone 230. In this manner, the 
position and orientation of the expansion cone 230 is opti 
mally controlled during axial movement of the expansion 
cone 230. 
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The third sealing members 245a, 245b, and 245c are 

coupled to the expansion cone 230. The third sealing mem 
bers 245a, 245b, and 245c are movably coupled to the 
second support member 215. The third sealing members 
245a, 245b, and 245c preferably fludicly isolate the annular 
chamber 300 from the chamber 305 during axial movement 
of the expansion cone 230. In this manner, the annular 
chamber 300 is optimally pressurized. The third sealing 
members 245a, 245b and 240c may comprise any number of 
conventional commercially available sealing members. In a 
preferred embodiment, the third sealing members 245a, 
245b, and 245c include O-rings with seal backups available 
from Parker Seals in order to provide a fluidic seal between 
the expansion cone 230 and the second support member 215 
during axial movement of the expansion cone 230. 

In a preferred embodiment, the third sealing members 
245a, 245b and 240c further include a conventional central 
izer and/or bearings for Supporting and positioning the 
expansion cone 230 around the second support member 215 
during axial movement of the expansion cone 230. In this 
manner, the position and orientation of the expansion cone 
230 is optimally controlled during axial movement of the 
expansion cone 230. 
The fourth sealing member 250 is coupled to the tubular 

member 220. The fourth sealing member 250 preferably 
fluidicly isolates the chamber 315 after radial expansion of 
the tubular member 200. In this manner, the chamber 315 
outside of the radially expanded tubular member 200 is 
fluidicly isolated. The fourth sealing member 250 may 
comprise any number of conventional commercially avail 
able sealing members. In a preferred embodiment, the fourth 
sealing member 250 is a RTTS packer ring available from 
Halliburton Energy Services in order to optimally provide a 
fluidic seal. 

The anchor 255 is coupled to the tubular member 220. The 
anchor 255 preferably anchors the tubular member 200 to 
the casing 115 after radial expansion of the tubular member 
200. In this manner, the radially expanded tubular member 
200 is optimally supported within the wellbore 100. The 
anchor 255 may comprise any number of conventional 
commercially available anchoring devices. In a preferred 
embodiment, the anchor 255 includes RTTS mechanical 
slips available from Halliburton Energy Services in order to 
optimally anchor the tubular member 200 to the casing 115 
after the radial expansion of the tubular member 200. 
The first passage 260 is fluidicly coupled to a conven 

tional Surface pump, the second passage 265, the third 
passage 270, the fourth passage 275, and the throat 280. The 
first passage 260 is preferably adapted to convey fluidic 
materials including drilling mud, cement and/or lubricants at 
flow rates and pressures ranging from about 0 to 650 
gallons/minute and 0 to 10,000 psi, respectively in order to 
optimally form an annular cement liner and radially expand 
the tubular member 200. 
The second passage 265 is fluidicly coupled to the first 

passage 260 and the chamber 310. The second passage 265 
is preferably adapted to controllably convey fluidic materials 
from the first passage 260 to the chamber 310. In this 
manner, Surge pressures during placement of the apparatus 
200 within the wellbore 100 are optimally minimized. In a 
preferred embodiment, the second passage 265 further 
includes a valve for controlling the flow of fluidic materials 
through the second passage 265. 
The third passage 270 is fluidicly coupled to the first 

passage 260 and the annular chamber 300. The third passage 
270 is preferably adapted to convey fluidic materials 
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between the first passage 260 and the annular chamber 300. 
In this manner, the annular chamber 300 is optimally pres 
Surized. 
The fourth passage 275 is fluidicly coupled to the first 

passage 260, the fifth passage 285, and the chamber 310. The 
fourth passage 275 is preferably adapted to convey fluidic 
materials between the fifth passage 285 and the chamber 
310. In this manner, during the radial expansion of the 
tubular member 200, fluidic materials from the chamber 305 
are transmitted to the chamber 310. In a preferred 
embodiment, the fourth passage 275 further includes a 
pressure compensated valve and/or a pressure compensated 
orifice in order to optimally control the flow of fluidic 
materials through the fourth passage 275. 
The throat 280 is fluidicly coupled to the first passage 260 

and the fifth passage 285. The throat 280 is preferably 
adapted to receive a conventional fluidic plug or ball. In this 
manner, the first passage 260 is fluidicly isolated from the 
fifth passage 285. 
The fifth passage 285 is fluidicly coupled to the throat 

280, the fourth passage 275, and the chamber 305. The fifth 
passage 285 is preferably adapted to convey fluidic materials 
to and from the first passage 260, the fourth passage 275, and 
the chamber 305. 

The sixth passage 290 is fluidicly coupled to the chamber 
305 and the seventh passage 295. The sixth passage is 
preferably adapted to convey fluidic materials to and from 
the chamber 305. The sixth passage 290 is further preferably 
adapted to receive a conventional plug or dart. In this 
manner, the chamber 305 is optimally fluidicly isolated from 
the chamber 315. 

The seventh passage 295 is fluidicly coupled to the sixth 
passage 290 and the chamber 315. The seventh passage 295 
is preferably adapted to convey fluidic materials between the 
sixth passage 290 and the chamber 315. 
The annular chamber 300 is fluidicly coupled to the third 

passage 270. Pressurization of the annular chamber 300 
preferably causes the expansion cone 230 to be displaced in 
the axial direction. In this manner, the tubular member 200 
is radially expanded by the expansion cone 230. During 
operation of the apparatus 200, the annular chamber 300 is 
preferably adapted to be pressurized to operating pressures 
ranging from about 1000 to 10000 psi in order to optimally 
radially expand the tubular member 200. 
The chamber 305 is fluidicly coupled to the fifth passage 

285 and the sixth passage 290. During operation of the 
apparatus 200, the chamber 305 is preferably fluidicly 
isolated from the annular chamber 300 and the chamber 315 
and fluidicly coupled to the chamber 310. 
The chamber 310 is fluidicly coupled to the fourth pas 

sage 275. During operation of the apparatus 200, the cham 
ber 310 is preferably fluidicly isolated from the annular 
chamber 300 and fluidicly coupled to the chamber 305. 

During operation, as illustrated in FIG. 1A, the apparatus 
200 is preferably placed within the wellbore 100 in a 
predetermined overlapping relationship with the preexisting 
casing 115. During placement of the apparatus 200 within 
the wellbore 100, fluidic materials within the chamber 315 
are preferably conveyed to the chamber 310 using the 
second, first, fifth, sixth and seventh fluid passages 265. 260, 
285, 290 and 295, respectively. In this manner, surge pres 
sures within the wellbore 100 during placement of the 
apparatus 200 are minimized. Once the apparatus 200 has 
been placed at the predetermined location within the well 
bore 100, the second passage 265 is preferably closed using 
a conventional valve member. 
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As illustrated in FIG. 1B, one or more volumes of a 

non-hardenable fluidic material are then injected into the 
chamber 315 using the first, fifth, sixth and seventh 
passages, 260, 285, 290 and 295 in order to ensure that all 
of the passages are clear. A quantity of a hardenable fluidic 
sealing material Such as, for example, cement, is then 
preferably injected into the chamber 315 using the first, fifth, 
sixth and seventh passages 260, 285, 290 and 295. In this 
manner, an annular outer sealing layer is preferably formed 
around the radially expanded tubular member 200. 
As illustrated in FIG. 1C, a conventional wiper plug. 320 

is then preferably injected into the first passage 260 using a 
non-hardenable fluidic material. The wiper plug. 320 pref 
erably passes through the first and fifth passages, 260 and 
285, and into the chamber 305. Inside the chamber 305, the 
wiper plug. 320 preferably forces substantially all of the 
hardenable fluidic material out of the chamber 305 through 
the sixth passage 290. The wiper plug. 320 then preferably 
lodges in and fluidicly seals off the sixth passage 290. In this 
manner, the chamber 305 is optimally fluidicly isolated from 
the chamber 315. Furthermore, the amount of hardenable 
sealing material within the chamber 305 is minimized. 
As illustrated in FIG. 1D, a conventional sealing ball or 

plug. 325 is then preferably injected into the first passage 260 
using a non-hardenable fluidic material. The sealing ball 325 
preferably lodges in and fluidicly seals off the throat 280. In 
this manner, the first passage 260 is fluidicly isolated from 
the fifth fluid passage 285. Consequently, the injected non 
hardenable fluidic sealing material passes from the first 
passage 260 into the third passage 270 and into the annular 
chamber 300. In this manner, the annular chamber 300 is 
pressurized. 
As illustrated in FIG. 1E. continued injection of a non 

hardenable fluidic material into the annular chamber 300 
preferably increases the operating pressure within the annu 
lar chamber 300, and thereby causes the expansion cone 230 
to move in the axial direction. In a preferred embodiment, 
the axial movement of the expansion cone 230 radially 
expands the tubular member 200. In a preferred 
embodiment, the annular chamber 300 is pressurized to 
operating pressures ranging from about 1000 to 10000 psi. 
during the radial expansion process. In a preferred 
embodiment, the pressure differential between the first pas 
sage 260 and the fifth passage 285 is maintained at least 
about 1000 to 10000 psi. during the radial expansion process 
in order to optimally fluidicly seal the throat 280 using the 
sealing ball 325. 

In a preferred embodiment, during the axial movement of 
the expansion cone 230, at least a portion of the interface 
between the expansion cone 230 and the tubular member 
200 is fluidicly sealed by the sealing members 24.0a and 
240b. In a preferred embodiment, during the axial move 
ment of the expansion cone 230, at least a portion of the 
interface between the expansion cone 230 and the second 
support member 215 is fluidicly sealed by the sealing 
members 245a, 245b and 240c. In this manner, the annular 
chamber 300 is optimally fluidicly isolated from the cham 
ber 305 during the radial expansion process. 

During the radial expansion process, the Volumetric size 
of the annular chamber 300 preferably increases while the 
volumetric size of the chamber 305 preferably decreases 
during the radial expansion process. In a preferred 
embodiment, during the radial expansion process, fluidic 
materials within the decreasing chamber 305 are transmitted 
to the chamber 310 using the fourth and fifth passages, 275 
and 285. In this manner, the rate and amount of axial 
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movement of the expansion cone 230 is optimally controlled 
by the flow rate of fluidic materials conveyed from the 
chamber 300 to the chamber 310. In a preferred 
embodiment, the fourth passage 275 further includes a 
conventional pressure compensated valve in order to opti 
mally control the initiation of the radial expansion process. 
In a preferred embodiment, the fourth passage 275 further 
includes a conventional pressure compensated orifice in 
order to optimally control the rate of the radial expansion 
process. 

In a preferred embodiment, continued radial expansion of 
the tubular member 200 by the expansion cone 230 causes 
the sealing members 250 to contact the inside surface of the 
existing casing 115. In this manner, the interface between the 
radially expanded tubular member 200 and the preexisting 
casing 115 is optimally fluidicly sealed. Furthermore, in a 
preferred embodiment, continued radial expansion of the 
tubular member 200 by the expansion cone 230 causes the 
anchor 255 to contact and at least partially penetrate the 
inside Surface of the preexisting casing 115. In this manner, 
the radially expanded tubular member 200 is optimally 
coupled to the preexisting casing 115. 
As illustrated in FIG. 1F, upon the completion of the 

radial expansion process using the apparatus 200 and the 
curing of the hardenable fluidic sealing material, a new 
section of wellbore casing is generated that preferably 
includes the radially expanded tubular member 200 and an 
outer annular fluidic sealing member 330. In this manner, a 
new section of wellbore casing is generated by radially 
expanding a tubular member into contact with a preexisting 
section of wellbore casing. In several alternative preferred 
embodiments, the apparatus 200 is used to form or repair a 
wellbore casing, a pipeline, or a structural Support. 

Referring now to FIGS. 2A-2O, and 3A-3J, a preferred 
embodiment of an apparatus 500 for forming or repairing a 
wellbore casing, pipeline or structural Support will be 
described. The apparatus 500 preferably includes a first 
support member 505, a debris shield 510, a second support 
member 515, one or more crossover valve members 520, a 
force multiplier outer support member 525, a force multi 
plier inner support member 530, a force multiplier piston 
535, a force multiplier sleeve 540, a first coupling 545, a 
third support member 550, a spring spacer 555, a preload 
spring 560, a lubrication fitting 565, a lubrication packer 
sleeve 570, a body of lubricant 575, a mandrel 580, an 
expansion cone 585, a centralizer 590, a liner hanger 595, a 
travel port sealing sleeve 600, a second coupling 605, a 
collet mandrel 610, a load transfer sleeve 615, one or more 
locking dogs 620, a locking dog retainer 622, a collet 
assembly 625, a collet retaining sleeve 635, a collet retaining 
adapter 640, an outer collet support member 645, a liner 
hanger setting sleeve 650, one or more crossover valve shear 
pins 655, one or more set screws 660, one or more collet 
retaining sleeve shear pins 665, a first passage 670, one or 
more second passages 675, a third passage 680, one or more 
crossover valve chambers 685, a primary throat passage 690, 
a secondary throat passage 695, a fourth passage 700, one or 
more inner crossover ports 705, one or more outer crossover 
ports 710, a force multiplier piston chamber 715, a force 
multiplier exhaust chamber 720, one or more force multi 
plier exhaust passages 725, a second annular chamber 735, 
one or more expansion cone travel indicator ports 740, one 
or more collet release ports 745, a third annular chamber 
750, a collet release throat passage 755, a fifth passage 760, 
one or more sixth passages 765, one or more seventh 
passages 770, one or more collet sleeve passages 775, one or 
more force multiplier supply passages 790, a first lubrication 
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Supply passage 795, a second lubrication Supply passage 
800, and a collet sleeve release chamber 805. 
The first support member 505 is coupled to the debris 

shield 510 and the second support member 515. The first 
support member 505 includes the first passage 670 and the 
second passages 675 for conveying fluidic materials. The 
first support member 505 preferably has a substantially 
annular cross section. The first support member 505 may be 
fabricated from any number of conventional commercially 
available materials. In a preferred embodiment, the first 
support member 505 is fabricated from alloy steel having a 
minimum yield strength ranging from about 75,000 to 
140,000 psi in order to optimally provide high strength and 
resistance to abrasion and fluid erosion. The first Support 
member 505 preferably further includes a first end 1005, a 
second end 1010, a first threaded portion 1015, a sealing 
member 1020, a second threaded portion 1025, and a collar 
1035. 

The first end 1005 of the first support member 505 
preferably includes the first threaded portion 1015 and the 
first passage 670. The first threaded portion 1015 is prefer 
ably adapted to be removably coupled to a conventional 
support member. The first threaded portion 1015 may 
include any number of conventional commercially available 
threads. In a preferred embodiment, the first threaded por 
tion 1015 is a 4%" API IF box threaded portion in order to 
optimally provide high tensile strength. 
The second end 1010 of the first support member 505 is 

preferably adapted to extend within both the debris shield 
510 and the second support member 515. The second end 
1010 of the first support member 505 preferably includes the 
sealing member 1020, the second threaded portion 1025, the 
first passage 670, and the second passages 675. The sealing 
member 1020 is preferably adapted to fluidicly seal the 
interface between first support member 505 and the second 
support member 515. The sealing member 1020 may com 
prise any number of conventional commercially available 
sealing members. In a preferred embodiment, the sealing 
member 1020 is an O-ring sealing member available from 
Parker Seals in order to optimally provide a fluidic seal. The 
second threaded portion 1025 is preferably adapted to be 
removably coupled to the second support member 515. The 
second threaded portion 1025 may comprise any number of 
conventional commercially available threaded portions. In a 
preferred embodiment, the second threaded portion 1025 is 
a stub acme thread available from Halliburton Energy Ser 
vices in order to optimally provide high tensile strength. In 
a preferred embodiment, the second end 1010 of the first 
support member 505 includes a plurality of the passages 675 
in order to optimally provide a large flow cross sectional 
area. The collar 1035 preferably extends from the second 
end 1010 of the first support member 505 in an outward 
radial direction. In this manner, the collar 1035 provides a 
mounting support for the debris shield 510. 
The debris shield 510 is coupled to the first support 

member 505. The debris shield 510 preferably prevents 
foreign debris from entering the passage 680. In this manner, 
the operation of the apparatus 200 is optimized. The debris 
shield 510 preferably has a substantially annular cross 
section. The debris shield 510 may be fabricated from any 
number of conventional commercially available materials. 
In a preferred embodiment, the debris shield 510 is fabri 
cated from alloy steel having a minimum yield strength 
ranging from about 75,000 to 140,000 psi in order to 
optimally provide resistance to erosion. The debris shield 
510 further preferably includes a first end 1040, a second 
end 1045, a channel 1050, and a sealing member 1055. 
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The first end 1040 of the debris shield 510 is preferably 
positioned above both the outer surface of the second end 
1010 of the first support member 505 and the second 
passages 675 and below the inner surface of the second 
support member 515. In this manner, fluidic materials from 
the passages 675 flow from the passages 675 to the passage 
680. Furthermore, the first end 1040 of the debris shield 510 
also preferably prevents the entry of foreign materials into 
the passage 680. 

The second end 1045 of the debris shield 510 preferably 
includes the channel 1050 and the sealing member 1055. 
The channel 1050 of the Second end 1045 of the debris 
shield 510 is preferably adapted to mate with and couple to 
the collar 1035 of the second end 1010 of the first support 
member 505. The sealing member 1055 is preferably 
adapted to seal the interface between the second end 1010 of 
the first support member 505 and the second end 1045 of the 
debris shield 510. The sealing member 1055 may comprise 
any number of conventional commercially available sealing 
members. In a preferred embodiment, the sealing member 
1055 is an O-ring sealing member available from Parker 
Seals in order to optimally provide a fluidic seal. 
The second support member 515 is coupled to the first 

support member 505, the force multiplier outer support 
member 525, the force multiplier inner support member 530, 
and the crossover valve shear pins 655. The second support 
member 515 is movably coupled to the crossover valve 
members 520. The second support member 515 preferably 
has a Substantially annular cross section. The second Support 
member 515 may be fabricated from any number of con 
ventional commercially available materials. In a preferred 
embodiment, the second support member 515 is fabricated 
from alloy steel having a minimum yield strength ranging 
from about 75,000 to 140,000 psi in order to optimally 
provide high strength and resistance to abrasion and fluid 
erosion. The second support member 515 preferably further 
includes a first end 1060, an intermediate portion 1065, a 
second end 1070, a first threaded portion 1075, a second 
threaded portion 1080, a third threaded portion 1085, a first 
sealing member 1090, a second sealing member 1095, and 
a third sealing member 1100. 

The first end 1060 of the second support member 515 is 
preferably adapted to contain the second end 1010 of the first 
support member 505 and the debris shield 510. The first end 
1060 of the second support member 515 preferably includes 
the third passage 680 and the first threaded portion 1075. 
The first threaded portion 1075 of the first end 1060 of the 
second support member 515 is preferably adapted to be 
removably coupled to the second threaded portion 1025 of 
the second end 1010 of the first support member 505. The 
first threaded portion 1075 may include any number of 
conventional commercially available threaded portions. In a 
preferred embodiment, the first threaded portion 1075 is a 
stub acme thread available from Halliburton Energy Ser 
vices in order to optimally provide high tensile strength. 
The intermediate portion 1065 of the second support 

member 515 preferably includes the crossover valve mem 
bers 520, the crossover valve shear pins 655, the crossover 
valve chambers 685, the primary throat passage 690, the 
secondary throat passage 695, the fourth passage 700, the 
seventh passages 770, the force multiplier Supply passages 
790, the second threaded portion 1080, the first sealing 
member 1090, and the second sealing member 1095. The 
second threaded portion 1080 is preferably adapted to be 
removably coupled to the force multiplier outer support 
member 525. The second threaded portion 1080 may include 
any number of conventional commercially available 
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threaded portions. In a preferred embodiment, the second 
threaded portion 1080 is a stub acme thread available from 
Halliburton Energy Services in order to optimally provide 
high tensile strength. The first and second sealing members, 
1090 and 1095, are preferably adapted to fluidicly seal the 
interface between the intermediate portion 1065 of the 
second support member 515 and the force multiplier outer 
support member 525. 
The second end 1070 of the second support member 515 

preferably includes the fourth passage 700, the third 
threaded portion 1085, and the third sealing member 1100. 
The third threaded portion 1085 of the second end 1070 of 
the second support member 515 is preferably adapted to be 
removably coupled to the force multiplier inner support 
member 530. The third threaded portion 1085 may include 
any number of conventional commercially available 
threaded portions. In a preferred embodiment, the third 
threaded portion 1085 is a stub acme thread available from 
Halliburton Energy Services in order to optimally provide 
high tensile strength. The third sealing member 1100 is 
preferably adapted to fluidicly seal the interface between the 
second end 1070 of the second support member 515 and the 
force multiplier inner support member 530. The third sealing 
member 1100 may comprise any number of conventional 
commercially available sealing members. In a preferred 
embodiment, the third sealing member 1100 is an o-ring 
sealing member available from Parker Seals in order to 
optimally provide a fluidic seal. 

Each crossover valve member 520 is coupled to corre 
sponding crossover valve shear pins 655. Each crossover 
valve member 520 is also movably coupled to the second 
support member 515 and contained within a corresponding 
crossover valve chamber 685. Each crossover valve member 
520 preferably has a substantially circular cross-section. The 
crossover valve members 520 may be fabricated from any 
number of conventional commercially available materials. 
In a preferred embodiment, the crossover valve members 
520 are fabricated from alloy steel having a minimum yield 
strength ranging from about 75,000 to 140,000 psi in order 
to optimally provide high strength and resistance to abrasion 
and fluid erosion. In a preferred embodiment, each crossover 
valve member 520 includes a first end 1105, an intermediate 
portion 1110, a second end 1115, a first sealing member 
1120, a second sealing member 1125, and recesses 1130. 
The first end 1105 of the crossover valve member 520 

preferably includes the first sealing member 1120. The 
outside diameter of the first end 1105 of the crossover valve 
member 520 is preferably less than the inside diameter of the 
corresponding crossover valve chamber 685 in order to 
provide a sliding fit. In a preferred embodiment, the outside 
diameter of the first end 1105 of the crossover valve member 
520 is preferably about 0.005 to 0.010 inches less than the 
inside diameter of the corresponding crossover valve cham 
ber 685 in order to provide an optimal sliding fit. The first 
sealing member 1120 is preferably adapted to fluidicly seal 
the dynamic interface between the first end 1105 of the 
crossover valve member 520 and the corresponding cross 
over valve chamber 685. The first sealing member 1120 may 
include any number of conventional commercially available 
sealing members. In a preferred embodiment, the first seal 
ing member 1120 is an o-ring sealing member available 
from Parker Seals in order to optimally provide a dynamic 
fluidic seal. 
The intermediate end 1110 of the crossover valve member 

520 preferably has an outside diameter that is less than the 
outside diameters of the first and second ends, 1105 and 
1115, of the crossover valve member 520. In this manner, 
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fluidic materials are optimally conveyed from the corre 
sponding inner crossover port 705 to the corresponding 
outer crossover ports 710 during operation of the apparatus 
2OO. 
The second end 1115 of the crossover valve member 520 

preferably includes the second sealing member 1125 and the 
recesses 1130. The outside diameter of the second end 1115 
of the crossover valve member 520 is preferably less than 
the inside diameter of the corresponding crossover valve 
chamber 685 in order to provide a sliding fit. In a preferred 
embodiment, the outside diameter of the second end 1115 of 
the crossover valve member 520 is preferably about 0.005 to 
0.010 inches less than the inside diameter of the correspond 
ing crossover valve chamber 685 in order to provide an 
optimal sliding fit. The second sealing member 1125 is 
preferably adapted to fluidicly seal the dynamic interface 
between the second end 1115 of the crossover valve member 
520 and the corresponding crossover valve chamber 685. 
The second sealing member 1125 may include any number 
of conventional commercially available sealing members. In 
a preferred embodiment, the second sealing member 1125 is 
an o-ring sealing member available from Parker Seals in 
order to optimally provide a dynamic fluidic seal. The 
recesses 1130 are preferably adapted to receive the corre 
sponding crossover valve shear pins 655. In this manner, the 
crossover valve member 520 is maintained in a substantially 
stationary position. 
The force multiplier outer support member 525 is coupled 

to the second support member 515 and the liner hanger 595. 
The force multiplier outer support member 525 preferably 
has a Substantially annular cross section. The force multi 
plier outer support member 525 may be fabricated from any 
number of conventional commercially available materials. 
In a preferred embodiment, the force multiplier outer sup 
port member 525 is fabricated from alloy steel having a 
minimum yield strength ranging from about 75,000 to 
140,000 psi in order to optimally provide high strength and 
resistance to abrasion and fluid erosion. The force multiplier 
outer support member 525 preferably further includes a first 
end 1135, a second end 1140, a first threaded portion 1145, 
and a sealing member 1150. 
The first end 1135 of the force multiplier outer support 

member 525 preferably includes the first threaded portion 
1145 and the force multiplier piston chamber 715. The first 
threaded portion 1145 is preferably adapted to be removably 
coupled to the second threaded portion 1080 of the inter 
mediate portion 1065 of the second support member 515. 
The first threaded portion 1145 may include any number of 
conventional commercially available threads. In a preferred 
embodiment, the first threaded portion 1145 is a stub acme 
thread in order to optimally provide high tensile strength. 

The second end 1140 of the force multiplier outer support 
member 525 is preferably adapted to extend within at least 
a portion of the liner hanger 595. The second end 1140 of the 
force multiplier outer support member 525 preferably 
includes the sealing member 1150 and the force multiplier 
piston chamber 715. The sealing member 1150 is preferably 
adapted to fluidicly seal the interface between the second 
end 1140 of the force multiplier outer support member 525 
and the liner hanger 595. The sealing member 1150 may 
comprise any number of conventional commercially avail 
able sealing members. In a preferred embodiment, the 
sealing member 1150 is an o-ring with seal backups avail 
able from Parker Seals in order to optimally provide a fluidic 
seal. 
The force multiplier inner support member 530 is coupled 

to the second support member 515 and the first coupling 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
545. The force multiplier inner support member 530 is 
movably coupled to the force multiplier piston 535. The 
force multiplier inner support member 530 preferably has a 
Substantially annular cross-section. The force multiplier 
inner support member 530 may be fabricated from any 
number of conventional commercially available materials. 
In a preferred embodiment, the force multiplier inner Sup 
port member 530 is fabricated from alloy steel having a 
minimum yield strength ranging from about 75,000 to 
140,000 psi in order to optimally provide high strength and 
resistance to abrasion and fluid erosion. In a preferred 
embodiment, the outer surface of the force multiplier inner 
support member 530 includes a nickel plating in order to 
provide an optimal dynamic seal with the force multiplier 
piston 535. In a preferred embodiment, the force multiplier 
inner support member 530 further includes a first end 1155. 
a second end 1160, a first threaded portion 1165, and a 
second threaded portion 1170. 
The first end 1155 of the force multiplier inner support 

member 530 preferably includes the first threaded portion 
1165 and the fourth passage 700. The first threaded portion 
1165 of the first end 1155 of the force multiplier inner 
support member 530 is preferably adapted to be removably 
coupled to the third threaded portion 1085 of the second end 
1070 of the second support member 515. The first threaded 
portion 1165 may comprise any number of conventional 
commercially available threaded portions. In a preferred 
embodiment, the first threaded portion 1165 is a stub acme 
thread available from Halliburton Energy Services in order 
to optimally provide high tensile strength. 
The second end 1160 of the force multiplier inner support 

member 530 preferably includes the second threaded portion 
1170, the fourth passage 700, and the force multiplier 
exhaust passages 725. The second threaded portion 1170 of 
the second end 1160 of the force multiplier inner support 
member 530 is preferably adapted to be removably coupled 
to the first coupling 545. The second threaded portion 1170 
may comprise any number of conventional commercially 
available threaded portions. In a preferred embodiment, the 
second threaded portion 1170 is a stub acme thread available 
from Halliburton Energy Services in order to optimally 
provide high tensile strength. 
The force multiplier piston 535 is coupled to the force 

multiplier sleeve 540. The force multiplier piston 535 is 
movably coupled to the force multiplier inner Support mem 
ber 530. The force multiplier piston 535 preferably has a 
Substantially annular cross-section. The force multiplier 
piston 535 may be fabricated from any number of conven 
tional commercially available materials. In a preferred 
embodiment, the force multiplier piston 535 is fabricated 
from alloy steel having a minimum yield strength ranging 
from about 75,000 to 140,000 psi in order to optimally 
provide high strength and resistance to abrasion and fluid 
erosion. In a preferred embodiment, the force multiplier 
piston 535 further includes a first end 1175, a second end 
1180, a first sealing member 1185, a first threaded portion 
1190, and a second sealing member 1195. 
The first end 1175 of the force multiplier piston 535 

preferably includes the first sealing member 1185. The first 
sealing member 1185 is preferably adapted to fluidicly seal 
the dynamic interface between the inside surface of the force 
multiplier piston 535 and the outside surface of the inner 
force multiplier support member 530. The first sealing 
member 1185 may include any number of conventional 
commercially available sealing members. In a preferred 
embodiment, the first sealing member 1185 is an o-ring with 
seal backups available from Parker Seals in order to opti 
mally provide a dynamic seal. 
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The second end 1180 of the force multiplier piston 535 
preferably includes the first threaded portion 1190 and the 
second sealing member 1195. The first threaded portion 
1190 is preferably adapted to be removably coupled to the 
force multiplier sleeve 540. The first threaded portion 1190 
may include any number of conventional commercially 
available threaded portions. In a preferred embodiment, the 
first threaded portion 1190 is a stub acme thread available 
from Halliburton Energy Services in order to optimally 
provide high tensile strength. The second sealing member 
1195 is preferably adapted to fluidicly seal the interface 
between the second end 1180 of the force multiplier piston 
535 and the force multiplier sleeve 540. The second sealing 
member 1195 may include any number of conventional 
commercially available sealing members. In a preferred 
embodiment, the second sealing member 1195 is an o-ring 
sealing member available from Parker Seals in order to 
optimally provide a fluidic seal. 
The force multiplier sleeve 540 is coupled to the force 

multiplier piston 535. The force multiplier sleeve 540 is 
movably coupled to the first coupling 545. The force mul 
tiplier sleeve 540 preferably has a substantially annular 
cross-section. The force multiplier sleeve 540 may be fab 
ricated from any number of conventional commercially 
available materials. In a preferred embodiment, the force 
multiplier sleeve 540 is fabricated from alloy steel having a 
minimum yield strength ranging from about 75,000 to 
140,000 psi in order to optimally provide high strength and 
resistance to abrasion and fluid erosion. In a preferred 
embodiment, the inner surface of the force multiplier sleeve 
540 includes a nickel plating in order to provide an optimal 
dynamic seal with the outside surface of the first coupling 
545. In a preferred embodiment, the force multiplier sleeve 
540 further includes a first end 1200, a second end 1205, and 
a first threaded portion 1210. 

The first end 1200 of the force multiplier sleeve 540 
preferably includes the first threaded portion 1210. The first 
threaded portion 1210 of the first end 1200 of the force 
multiplier sleeve 540 is preferably adapted to be removably 
coupled to the first threaded portion 1190 of the second end 
1180 of the force multiplier piston 535. The first threaded 
portion 1210 may comprise any number of conventional 
commercially available threaded portions. In a preferred 
embodiment, the first threaded portion 1210 is a stub acme 
thread available from Halliburton Energy Services in order 
to optimally provide high tensile strength. 

The first coupling 545 is coupled to the force multiplier 
inner support member 530 and the third support member 
550. The first coupling 545 is movably coupled to the force 
multiplier sleeve 540. The first coupling 545 preferably has 
a substantially annular cross-section. The first coupling 545 
may be fabricated from any number of conventional com 
mercially available materials. In a preferred embodiment, 
the first coupling 545 is fabricated from alloy steel having a 
minimum yield strength ranging from about 75,000 to 
140,000 psi in order to optimally provide high strength and 
resistance to abrasion and fluid erosion. In a preferred 
embodiment, the first coupling 545 further includes the 
fourth passage 700, a first end 1215, a second end 1220, a 
first inner sealing member 1225, a first outer sealing member 
1230, a first threaded portion 1235, a second inner sealing 
member 1240, a second outer sealing member 1245, and a 
second threaded portion 1250. 
The first end 1215 of the first coupling 545 preferably 

includes the first inner sealing member 1225, the first outer 
sealing member 1230, and the first threaded portion 1235. 
The first inner sealing member 1225 is preferably adapted to 
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fluidicly seal the interface between the first end 1215 of the 
first coupling 545 and the second end 1160 of the force 
multiplier inner support member 530. The first inner sealing 
member 1225 may include any number of conventional 
commercially available sealing members. In a preferred 
embodiment, the first inner sealing member 1225 is an 
o-ring seal available from Parker Seals in order to optimally 
provide a fluidic seal. The first outer sealing member 1230 
is preferably adapted to prevent foreign materials from 
entering the interface between the first end 1215 of the first 
coupling 545 and the second end 1205 of the force multiplier 
sleeve 540. The first outer sealing member 1230 is further 
preferably adapted to fluidicly seal the interface between the 
first end 1215 of the first coupling 545 and the second end 
1205 of the force multiplier sleeve 540. The first outer 
sealing member 1230 may include any number of conven 
tional commercially available sealing members. In a pre 
ferred embodiment, the first outer sealing member 1230 is a 
seal backup available from Parker Seals in order to opti 
mally provide a barrier to foreign materials. The first 
threaded portion 1235 of the first end 1215 of the first 
coupling 545 is preferably adapted to be removably coupled 
to the second threaded portion 1170 of the second end 1160 
of the force multiplier inner support member 530. The first 
threaded portion 1235 may comprise any number of con 
ventional commercially available threaded portions. In a 
preferred embodiment, the first threaded portion 1235 is a 
stub acme thread available from Halliburton Energy Ser 
vices in order to optimally provide high tensile strength. 
The second end 1220 of the first coupling 545 preferably 

includes the second inner sealing member 1240, the second 
outer sealing member 1245, and the second threaded portion 
1250. The second inner sealing member 1240 is preferably 
adapted to fluidicly seal the interface between the second 
end 1220 of the first coupling 545 and the third support 
member 550. The second inner sealing member 1240 may 
include any number of conventional commercially available 
sealing members. In a preferred embodiment, the second 
inner sealing member 1240 is an o-ring available from 
Parker Seals in order to optimally provide a fluidic seal. The 
second outer sealing member 1245 is preferably adapted to 
fluidicly seal the dynamic interface between the second end 
1220 of the first coupling 545 and the second end 1205 of the 
force multiplier sleeve 540. The second outer sealing mem 
ber 1245 may include any number of conventional commer 
cially available sealing members. In a preferred 
embodiment, the second outer sealing member 1245 is an 
o-ring with seal backups available from Parker Seals in 
order to optimally provide a fluidic seal. The second 
threaded portion 1250 of the second end 1220 of the first 
coupling 545 is preferably adapted to be removably coupled 
to the third support member 550. The second threaded 
portion 1250 may comprise any number of conventional 
commercially available threaded portions. In a preferred 
embodiment, the second threaded portion 1250 is a stub 
acme thread available from Halliburton Energy Services in 
order to optimally provide high tensile strength. 
The third support member 550 is coupled to the first 

coupling 545 and the second coupling 605. The third support 
member 550 is movably coupled to the spring spacer 555, 
the preload spring 560, the mandrel 580, and the travel port 
sealing sleeve 600. The third support member 550 preferably 
has a Substantially annular cross-section. The third Support 
member 550 may be fabricated from any number of con 
ventional commercially available materials. In a preferred 
embodiment, the third support member 550 is fabricated 
from alloy steel having a minimum yield strength ranging 










































